and evaluated by two independent reviewers to determine if they met the inclusion criteria, with uncertainty or disagreement resolved by consensus. Data were extracted from individual studies with a focus on the number of cases, study focus of CFD simulations and key findings.
A total of 54 studies were initially identified. Of these, 37 were excluded for not meeting the inclusion criteria. Of 17 eligible studies, 3 studies were further excluded due to repetitive reports by the same research group, and only the most recent studies from each group were used, leading to 14 studies included in the analysis [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Table 1 shows characteristics of these eligible studies. Although multiple studies were reported by three different research groups [5] [6] [7] [8] [9] [10] [11] 14 , 15], each report focused on different aspects of CFD simulations addressing variable simulated scenarios or clinical aspects, they were included in the analysis. Patientspecific CFD simulations based on a single patient's images were reported in 11 studies (with use of CT and MRI data in 6 and 5 studies, respectively). In the remaining three studies, CFD simulations were performed based on 3, 8 and 14 cases, respectively.
Findings of these CFD modelling and simulations can be summarized into the following three areas: First, patient-specific CFD simulations successfully captured the complex regions of hemodynamic flow and were able to demonstrate hemodynamic changes in both true lumen (TL) and false lumen (FL) in terms of flow patterns, velocity, wall pressure and wall shear stress (WSS). In particular, the two hemodynamic parameters derived from WSS which included time-averaged WSS (TAWSS) and oscillatory shear index (OSI) were analysed and reported in more than half of the studies. High WSS/TAWSS was observed at the entry tear region (Fig 1) , while flow patterns in the FL were shown to be vortical structures, and more complicated and disorganised that those in the TL. This phenomenon is more apparent in the rapidly expanding dissection aneurysm (Fig 2) . In comparison with the in vivo flow structures obtained by the standard reference, phase contrast MRI (PC-MRI), CFD simulations showed good agreement with the PC-MRI. Second, presence of exit or re-entry tear was found to have an effect on the hemodynamic changes in the type B dissection. One study [8] simulated virtual occlusion of entrance tear (simulating thoracic endovascular aortic repair-EVAR) and exit tear (simulating FL thrombosis) based on MRI data. Their results showed that pressure was decreased in the FL following EVAR occlusion of the entry tear and partial thrombosis in the FL was found to result in increased FL pressure, thus presenting potential risk of FL expansion and lumen rupture. Another study [14] simulated additional re-entry tear of 10 and 16 mm diameter based on CT data, and discussed hemodynamic effects of these re-entry tears in type B dissection. Although presence of additional re-entry tear did not change the direction and magnitude of the blood flow, the extra re-entry tear was noticed to provide an extra return path for blood to the TL and outflow path into the FL during systole and diastole, respectively. Third, CFD simulations in type B dissection before and after EVAR were investigated to quantify changes in hemodynamic parameters. Although simulations were based on a single case with 1 year follow-up [9] , researchers in that study performed quantitative analysis of WSS changes, with significantly lowered WSS seen in the FL (Fig 3) .
Large WSS magnitudes were eliminated following EVAR, and antegrade flow in the FL was also eliminated due to occlusion of the entrance tear by stent graft placement.
This systematic review shows that CFD is a feasible technique for revealing hemodynamic features that represent realistic physiological conditions in type B dissection. Hemodynamic parameters such as flow pattern, pressure and WSS are difficult to be measured in vivo, and cannot be obtained with imaging techniques, but can be defined by CFD modelling and simulations. WSS is widely known to play a major role in initiation, progression and destabilization of atherosclerotic cardiovascular disease [1, 2] , and this has been confirmed in this analysis as WSS (or TAWSS) is the key factor analysed in these studies. WSS rather than pressure is also found to play a key role in the false lumen dilatation. Since false lumen patency is regarded as a primary predictor of aneurysm dilatation in type B dissection, CFD simulations could predict false lumen progression and clinical outcomes in individual patients suffering from type B dissection, although further studies of CFD simulations based on a large cohort are warranted. Wall pressure imbalance was visualised between TL and FL, and the pressure imbalance was more significant when there were no distal tears or side branches.
male acute type B dissection without distal tears * Details of the selected patient were not available in this study. CFD-computational fluid dynamics, EVAR-endovascular aortic repair, FL-false lumen, OSI-oscillatory shear index, WSS-wall shear stress, TAWSS-time-averaged wall shear stress, TL-true lumen, FSI-fluid structure interaction.
